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Abstract

The presence of anti-IFN neutralizing antibodies (NAB) has been reported in critically ill COVID-
19 patients. We found that 87.5 % (7/8) of HIV-1 patients co-infected with SARS-CoV-2 had serum
anti-IFN-1 NAB against IFN-a subtypes, IFN-B and/or IFN-m. Anti-IFN-I NAB were also detected
in oropharyngeal samples. Patients with NAB were males, and those with high serum anti-1IFN-a/®
NAB titer had severe illness and exhibited reduction in the expression of IFN-stimulated genes.
Thus, high titer of anti-IFN-o/w NAB may contribute to the greater severity of COVID-19 in HIV-1

infected patients.

Key words: HIV-1, SARS-CoV-2, neutralizing antibodies, Interferon, 1SGs, HIV-1 and SARS-
CoV-2 co-infection



To the editor:

How HIV-1 infection affects risk of severe COVID-19 outcome is poorly investigated. Evidence
from different studies does not support a higher risk of SARS-CoV-2 infection in HIV-1 infected
patients [1]; however, it has been reported that COVID-19 has a negative impact on HIV-1
individuals, especially in the presence of comorbidities that increase the risk of serious illness [2].
Moreover, there are multiple immunological profiles of HIV-1 infected individuals, and the impact
of SARS-CoV-2 infection can vary for each patient [2]. A dysregulation of innate immunity has
been observed in both HIV-1 infected individuals and severe COY."!N-29 patients. In particular, type
I Interferon (IFN-I) signalling has been reported to exert a d’chu*omous role in the pathogenesis of
acute vs. chronic HIV-1 infection [3]. Additionally, sever> C.VID-19 is characterized by a delayed
or suppressed IFN-I response, in part due to evasive s*.ateJies employed by SARS-CoV-2 [4], as
well as IFN genetic defects [5] and anti-IFN 1eu**2iizing antibodies (NAB) [6, 7]. Increasing
evidence showed a dominant role of cell-r..2d’ated immunity in the clearance of SARS-CoV-2 in
HIV-1 infected patients [8], while little is nnown about the impact of co-infection with SARS-CoV-
2 and HIV-1 on antiviral innate imme.»e , ~5ponses.

We evaluated the presence of an.-IFN-1 NAB in 8 HIV-1 positive individuals co-infected with
SARS-CoV-2. During March 2270 to April 2021, blood samples were collected at the time of
hospital admission for CO 'L from 6/8 HIV-1 patients seen at the Policlinic Umberto | hospital in
Rome, Italy. For 2/8 patients, blood was collected at the time they first tested positive for SARS-
CoV-2. No other common respiratory viruses [Respiratory syncytial virus A and B, Influenza A
virus, Rhinovirus, and low pathogenetic human coronaviruses (HCoVs OC43, 229E, NL-63, and
HUK1), and Metapneumovirus] were detected in the nasopharyngeal swabs of these patients
[supplementary file 1 (S1)]. Paired nasopharyngeal swabs and serum samples collected at the time
of hospitalization were available for 3 of the 8 patients. The study was approved by the ethics
committee of the Policlinic Umberto | Hospital, and informed consent was obtained from

participants. NAB to IFN-02 subtype (Intron®; Schering-Plough), multiple IFN-a subtypes



contained in the natural IFN preparation (IFN-anl, Wellferon®, Glaxo Wellcome, London, UK),
IFN-B (Rebif, Serono, Geneva, Switzerland) and IFN-o (PBL Interferon Source, Piscataway, USA)
were measured using a bioassay based on IFN-induced inhibition of the cytopathic effect caused by
encephalomyocarditis virus on human lung carcinoma epithelial cells (A549) (S1) [7].

Anti-IFN-1 NAB against one or more IFN-1 preparations were detected in serum samples from 7 of
8 (87.5%) of the HIV-1 patients (Table 1). The range of NAB levels against IFN-1 was broad [10-
530000 tenfold reduction unit (TRU/mI), Table 1)]. The frequency of patients with NAB against
IFN-o (5/8, 62.5%) was comparable to that observed for IFN-02 ‘3/¢, 37.5 %), IFN-an1 (3/8, 37.5
%) and IFN-B (3/8, 37.5 %) (p=0.61 using Fisher exact test). A.nong anti-IFN-® positive patients,
two patients had anti-IFN-o. NAB and another two patients “ad anti-IFN-3 NAB. One patient had
NAB exclusively to IFN-w. One patient each had NAB *0 1.'N-a or IFN-f in the absence of NAB to
IFN-w. No patient had NAB to both IFN-o in. T"'N-B (Table 1). The only patient with no
detectable anti-IFN-1 NAB was a female; a! ths. male patients had detectable anti-IFN-1 NAB. Two
NAB positive patients died: one of whon: ‘ot No. 4) showed a fatal outcome related to COVID-19
while the other one (pt No. 1) had » ceehral non-Hodgkin's lymphoma (Table 1). The following
comorbidities were observed: hygrtension (pt No. 7 and pt No. 8), hypercholesterolemia (pt No.7),
diabetes (pt No. 8). Six out of e.7b. (75%) NAB positive patients were hospitalized for a median of
52 days (range 21-110 a ‘s, 1able 1). SARS-CoV-2/HIV-1 coinfected patients with the highest
NAB titer (>2100 TRU/ml, pt No. 2, 3, 4) had values of a COVID-19 severity Index [9] considered
critical (8-11). Levels of laboratory biomarkers associated with major risks for severe COVID-19
[lactate dehydrogenases (LDH), CRP, fibrinogen and D-Dimer] [7] were high in all hospitalized
patients, and further increased in those with higher NAB titers (Table 1). Levels of CD4 T cells
were lower than 500 cells/pl in those patients (range CD4 T cell values: 86-304 cells/pl, patients
No. 2, 3 and 4) with elevated NAB titer against IFN-1. No patients included in this study were
previously treated with IFNa/p preparations or received COVID-19 vaccines before testing positive

for SARS-CoV-2.



Previous studies have reported that 10% to 15% of patients with severe COVID-19 exhibit anti-
IFN-1 NAB [6, 7]. We showed that the proportion of HIV-1 and SARS-CoV-2 co-infected patients
with NAB to IFN-I is much higher (75%). NAB against IFN-a are uncommonly detected in HIV-1
infected patients, except in those receiving IFN-o. preparation with the aim of inducing anti-IFN-a,
antibodies to counteract IFN-a overproduction [10]. Thus, although none of our patients had been
previously treated with IFN-a therapy, 3/8 patients had NAB against IFN-a2 and produced NAB
against IFN-anl (Table 1), suggesting that those patients might have developed a broad spectrum of
NAB with specificity against different IFN-a subtypes.

Because anti-IFN-I NAB have recently been detected in .es wratory samples of SARS-CoV-2
positive patients [7], we measured NAB in respiratory samo.2s from 3 SARS-CoV-2 and HIV-1 co-
infected patients (Table 1). NAB against IFN-o were dstected in two oropharyngeal swab samples
(Table 1); anti-IFN-a NAB (107 TRU/ml) were a.-eced in one of these samples. No anti-IFN-f
NAB were detected in oropharyngeal samp! :s (" able 1).

High titres of serum NAB have been assou’ated with reduction and/or abrogation of the endogenous
induced IFN response in COVID-19 rati»n.s [7]. Therefore, we performed gene expression analysis
of IFN stimulated genes (ISGs) t-at have been reported to be involved in immunopathogenesis of
HIV-1 or are considered in,cortant antiretroviral restriction factors, such as ISG15 [11],
APOBEC3G and APOBEC?3F (12]. We compared mRNA levels in PBMCs from SARS-CoV-2 and
HIV-1 co-infected patients positive for anti-IFN-1 NAB (n=7), with levels in gender and age
matched HIV-1 infected individuals (n=16) without SARS-CoV-2 infection and healthy donors
(n=16, table 1). None of the healthy controls and HIV-1 mono-infected patients had detectable
NAB in serum samples. The mRNAs levels of 1SGs were measured in PBMCs by quantitative
RT/real time PCR assays using LightCycler480 instrument (Roche, Basel, Switzerland) as
previously reported (S1). Primers and probes for APOBEC3G (Hs.PT.58.27074917) and
APOBEC3F (Hs.PT.58.2507020) were purchased from Integrated DNA Technologies. The

following primers and probe were used for ISG15: ISG15 Forward 5'-TGGCGGGCAACGAATT-



3, ISG15 Reverse 5-TGATCTGCGCCTTCA-3"; ISG15 Probe 5'-6FAM-
TGAGCAGCTCCATGTC-TAM-3' [7]. Transcript levels of APOBEC3G and APOBEC3F were
strongly reduced (p<0.001 for both genes using Mann Whitney test) in anti-IFN-1 NAB positive co-
infected patients [supplementary file 2 (S2)] [13]. A trend toward lower expression of ISG15 in
NAB positive patients was observed compared to HIV-1 patients uninfected with SARS-CoV-2
(p=0.50) and healthy individuals (p=0.77) (S2). Moreover, we found an inverse correlation between
ISG15 mMRNA expression and the titer of NAB against IFN-a2 (p=0.030, Spearman rho=-0.544)
and the natural IFN-o preparation (p=0.041, Spearman rho=-0.5"5) , ~spectively. These results are
consistent with those of our previous investigation, in which w. reported decreased levels of 1ISGs
in COVID-19 patients who had anti-IFN-o/& NAB [7]. Rv (ontrast, no significant correlation was
observed between NAB titer and APOBECs transcrirt 1ovels, despite their mRNA levels were
highly reduced in the presence of NAB (S2) 2e reason for these results remains unclear.
Remarkably, SARS-CoV-2 has been show! to utilize the APOBEC-mediated mutations for fitness
and evolution [14]; on the other hand, ArDOBEC levels were found to be downregulated in severe
COVID-19 [13], highlighting the comnle vi‘y of the phenomenon analyzed.

Our findings demonstrated for the first (ime a high rate of a broad spectrum of NAB with specificity
against IFN-a subtypes, IFN-b, ard IFN-® in SARS-CoV-2 and HIV-1 co-infected patients. It is
unknown whether the pres~nce of anti-IFN-1 NAB reflects pre-existing autoimmunity contributing
to severe disease in some patients or if the appearance of NAB is in response to SARS-CoV-2-
induced increase of IFN.

Detection of anti-IFN-1 NAB might have value as a prognostic indicator for severe COVID-19
disease in HIV-1 infected patients. The presence of a high level of serum NAB against IFN-a and
IFN-o was associated with severe illness, although the range of NAB levels against these IFNs was
very broad. Further studies with larger number of SARS-CoV-2 and HIV-1 co-infected patients,
across the spectrum of SARS-CoV-2 associated disease, are needed to better characterize the

clinical and biological significance of NAB in HIV-1 patients.
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Table 1. Neutralizing antibodies (NAB) to IFN-I in SARS-CoV-2 and HIV-1 co-infected patients.

HIV-1
SARS- | positiv
CoV-2 e
and patient
Patie | Patie | Patie | Patie . . Patie | Patie | HIV-1 S Health
Patient | Patient .
ltem nt nt nt nt No. No. nt nt ~ co- withou y
No. No. No. No. 5 6 No. No. infecte t donors
1 2 3 4 7 8 d SARS- | (n=16)
patient | CoV-2
S infecti
(n=8) on
(n=16)
Gender male | male | male | male | female male mar. | male | male/f | male/fe | male/f
emale: male: | emale:
- 711 14/2 14/2
Age (years) 42 78 57 50 47 51 53 80 54 56 (40- 57
(42- 82) (41-
80) 82)
HIV-1 RNA <37 <37 <37 <37 <37 <37 <37 <37 <37 <37 NA
(copies/ml)®
Years from HIV- 21 13 8 18 5 13 17 3 14 (3- | 15 (8- NA
1 diagnosis 21) 25)
Years on ART 21 13 8 & 14 13 10 3 13 (3- | 12 (6- NA
a 21) 23)
— Emtrici
tabine
n=6
(37.5%
),
Isentre
ss n=3
(18.75
%),
Kaletra
n=1
Descov (6.25%
Desc | Desc | Desc Descov )
Anti-HIV-1 drug | Prezi | ovy, | ovy, | owy, Y Y, Bikta | Delst i Kivexa NA
class sta Isentr | Isentr | Isentr Isentres | rvy rigo n=3
Isentres
ess €ess ess s S (18.75
%),
Nevira
pine
n=5
(31.25
%),
Prezist
an=3
(18.75
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Ritona
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Saquin
avir
n=6
(37.5%
)1
Truvad
an=1
(6.25%
)
CDA4 T cell count >500 | >500
(cells/pl) >500 | 304 304 86 >500 >500 >500 | >500 (86- (210- NA
>500) 1053)
Hospitalization 52
(days) 110 44 60 60 0 0 2. 21 (21- NA NA
y B 110)
LDH N 251
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Data are expressed as single value for each patient (Patient No 1-8) .~ as median (range) and percentage. NAB positive
patients are in bold. * COVID-19 Severity Index [9] was indicated for ea h patient. There are four risk categories based
on values of COVID-19 Severity Index (0-2=low; 3-5=moder i«te 6-7=high; >8=critical). *Decadron (Sigma Aldrich,
St. Louis, MO, USA) was injected at 6 mg per day for ~8 d~y. Ve klury (Gilead Sciences, Foster City, CA, USA) was
administered at 200 mg during the first dose, and at 100 my, ‘n the following 4 days. Patients received a single
administration of a monoclonal antibody-based comb’nati n therapy, which included a single infusion of Bamlanivimab
and a double infusion of Etesevimab (Lilly, Indianapu’*c IN, USA) at 700 mg/20 ml. All patients received low
molecular weight heparin for prophylaxis of deen vein thi. mbosis as recommended at the time by the Italian Society of
Infectious Diseases. **NAB detection was carried 't at the time of hospitalization for patients No.1, 2, 3, 4, 7 and 8 or
before starting Bamlanivimab-Etesevimab therrpy “ar patients No.5 and 6 who were not hospitalized. *Anti-IFN-o,
NAB were detected against IFN-a2 subtype and - au'tiple IFN-a subtypes contained in the natural IFN-a preparation
(IFN-anl1, Wellferon Glaxo Wellcome, Bec'<en. am, United Kingdom). NAB titers were calculated using the Kawade’s
method, and the titers were expressed in "er.*2ld Reduction Units (TRU)/ml. No NAB were detected in the serum of
HIV-1 mono-infected individuals and hec.*hy aonors. Abbreviations: NA=not available.




